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By m e n e  B. Laskin and Milton G. Kofskey 

Tho performance character ls t ice  of a mfxed-flow impeller ard 
a semivanelees  diffuser W t = m  experimentally inveetigated. The 
impeller hae an annulus diamter of 11.00  inches and a n s a x i m u m  tl? 
diameter of 14.74 inches. The eemivtlneleea dfffuser has an over-all 
diameter of 28.00 inches. The p e r f o m c e  character is t ica  of the 
mad- f low imyeller were ala9 investiga*ed with a 34 .OO-inch vane- 
lass diffuser having a transition sectlon of the 3ame geometry aa  the 
semivanelese di f fuser .  A comparism of the  performence curves of the 
two combinations  provided a means of  determining how well the semi- 
vaneless diffuser waa matched with the i m p l l e r .  

The Investigation of the  mixed-flow impeller and the semivane- 
less diffuser  wae made over a range of  equivalent impeller t5p 
eyeeds of 682 to 1740 feet per second; t e s t s  of the impeller with 
the vanelees diffuser were confined-to a range of equivalent t i p  
speeds of 682 to 1546 f ee t  per Bccond wlth  ambient i n l e t  afr. 

The m a x i m u m  adiabatic  efficiency f o r  the semivanelosa-diff'user 
combination was 0.760 and webs obtained at a preasure ratio of 1.34. 
The semivaneleea-diffuser combination ehoxsd good &ention of  peak 
adiabatic sff iciency t o  a preeeurti ratio of 3.35, where t h e  efficiency 
was 0.102. Within the stable  operating range, the maximun preseum 
r a t i o  was 3.36, at which pint the efficiency w88 0.691 and the 
equivalent volumti f low m e  13,650  cubic f e e t  per minute. 

A c r i t i c a l  condition exfeted in t h i e  combination between 
equivalent t i p  speeds of 1550 and 1644 f ee t  per second. At 1644 feet 
y r  gecond, the stable-air-flow ram w88 elrtrvrmely lfmited and the 
peak adiabatic  efficiency dmyped sharply t o  0.626 and the c o r n -  
sponding pressure ratio t o  3.12. Mud surging was encountered at 
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all. prossure r a t i o s  above 3.0 f a r  t h e  equivalent t i 9  s p u d  of 1740 feet  
per second; the pak.eff1ciency was 0.580 and the  corresponding pres- 

.8um ratio was 3.36. 

The semivaneloss d i f fuse r  #a found to be 1,,13 matched with  the 
impeller. Tho peak pressure ratioe scc-arred at agproximatalg cqual 
values of vo lum flow far both diffuser  combinatim. A t  low t i p  
speeds, the  pzak a d i a b a t ~ c - e f f i c i e n c i ~ 8  for  both  diffuser combinstione 
occurred at approximately equal values of volume flow. A t  high t i p  
epecde, the volume flows at which peak s f f fc iencfes  wero obtained 
differed for tho two diff’user combinations  but the difference in the 
valuee of the peak ef f ic ionc ies  m e  small. 

A combination of a mixod-flow impeller and a semivanelesa diffursur 
designed primarily f o r  a Jet-pmpuleion engine -8 inveetigated at the 
NACA Cleveland 1aboYatory. Tests were  conducted t o  determine tho rango 
of tip speeds over which adequate cdiabatic  efficiency  could bo obtained 
and to determine whether tho diffuser  waa matched with tho Impeller. 

The impollor i~l suitable. for a j e t - p r o p l e i o n   w i n e  ins ta l la t ion  
because the configuration of the impeller is 8uch that it discharges 
the  air  wi th  an axial velocity component. Becauss of  tho shapo of  tho 
impeller passage, t h e  angula,r acceleration of  t he  air is continuoue 
along a radiae; tho angular velocity of tho air, however, l e  alwaye 
lees than that of the im?eller. This type of  impeller develope a 
lowor preseure ratio at a -given impel le r   t ip  speed and Inlet-sir tern- 
ysrature but  inherently  ha^ a largcrr stable-air-flow operatint: rmgo 
than an impeller of the conventional radiaLtype.  

In  the semivanel&se difl?ser, the large tangential  volocfty 
compnont of impller dischwge air is reduced t o  approximately 
sevon-tenths of its original  value in the vanelees section beforu 
reaching the vaned eection of the d i f fuse r ,  In cmparieon with a 
conventional vaned diffuesr, the aomivancless dfffuscr pomite   the 
use of highwr impuller tip swede and air flows before shock 5s 
encountered at the  entrance t o  the vanea. The somivanoless diffumr 
has a smaller dismoter  than a vamlese diffueor for  a given mznt 
of dlf  fusion. 
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Tho 3rformance  characterietics of the  mixed- f l aw impeller w e r e  
also  investigated  with a 34.W-inch vaneless diffuser having a tran- 
s i t ion   sec t ion  of  the  erne geometry 88 the semfvaneleea dfffuser.  
Because the  vaneleas-diffwer CombinEtfon has a flat ErfoMzranca 
curve, a comparison of the  volume flows a t  y a k   e f f i c i e n c i e s  and 
??masure ratios for both diffueer combinations would indicate 
whether optimum performance of the eemivanelees diffuser and the  
im:mller occurred at the sans f l o w  rate6 d thus &ow how well the 
semivaneleea diffuser xas matched w l t h  the impller. 

Tests of  the mixed-flow ~ - l l e r  in combinatfon Kfth both d i f -  
f s sc r s  were mado with ambient i n l e t  air over a range of equivalent 
impeller t i p  qeede f r o m  692 t o  1550 feet ::8r second. The t e s t a  
with the  semivaneless diffuser were extended to equivalent tip 
s:)eeds of 1644 and 1740 feot  per second w i t h  reduced in le t -a i r  
temlprature. The reeul ta  of the tes te   with the semivaneless- and 
vaneleas-diffwer combinatforre a,re presented &8 c m e s  of =ak 
adiabatic efficfoncy BB a Function of pressure ratlo. Adiabatic 
efficiency and y e s s u r e  r a t i o  are  a l s o  plotted ae a functfon of 
equivalent volume f l c w  and the  matching of the eemivanelees d i f -  
fuser  with the impelhr is evaluated. 

The mixed-flow impeller (f z. 1) , which discharge8 the  air 
with an axial velocity component, ha6 23 bladee. Becauee of the 
s h a ~  of tho 3m-peIler paewe,  the angular acceleration of the 
air is continuous slow a radiue; the  8ngul&r s e l m i t y  of the air, 
however, is alwaye lose t h a n  tha t  of the +qel ler .  U n l i k ~  the con- 
ventional centrifugal impller, the b l a h s  do not h&ve abruptly 
curved  section8 at the inlet   eect ion but are &sipped with a 
gradual curvature over the en t i r e  length. The t i p   d i m t e r  of  the 
fmpeller &ccreasee along the axial length from 14.74 to 14.26 inches. 
T-sle im33ller has an annulus dbmter of 11.00 inches, an inlet hub 
diameter of 4.26 inchea, and an axial depth of 7.26 lnches. 

The semivanelem difi'ueor consiats of two soctione: a vane- 
less sectlon followed bx a YELIlBd section having 32 vanes. The 
diameter ak the leading edge of the vmee is 20.67 inches; the over- 
all diameter is 28.00 inches. Ffgure I E ~ W B  the semfv&rs3less d i f -  
fuaer and the imwlkrr with th6 w l l e r  and diffuser front  ahmud 
removed. A few vanes are thicker  than  the others in o d o r  to 
i'acilitate muntiing in an engine ins ta l la t ion .  

The vaneless d i f f i ae r  has an ovor-all  diameter of 34.00 inches. 
The curvature of the first few inchee. of the t ransi t ion  eect ion 1s the 
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The entire inlst pipe w8B:lagged Mth t k e o  2-inch layers of hair 
felt; between each l ayo r  w e r e . t a r  and tar papel. with f.inal covering 
ol f e l t ,  paper, and c+es. The out le t  p:pa were la&@ with a I-lnch 
layer that was 85 pekiceat . m ~ y l e e I a  and were c a k e 3  with "YBB for a 
Bfstancs of 3 feat beyond the  instrument statlan. The variable- 
cmponent col lector  c&ae war3 su-rounded by an a € r  space and a wooden 
box insulated within  with throe 1/2-inch l e p s  of can0 f ibre .  

1 
4 

lnstrumontation, - !Fhe quantity of air flow through the miit 
for the ambient-air tes te  was meamred wlth Q sharp"@ circular 
f k t - p l a t e  or i f ice  connected to the o r i f i c e  tanlr. The tnnpcrature of 
tho air entor- the ,orifice taqk measured Kfth f q u r  calibrat@ 
iron-canatantan themocouplesl located in front of the tank. 
Refrigeratad-air flow masuremDts wor6 made wtth a r a  addustablo sub- 
norgod orifico.  The afr tapmatures  were noasurd wit& two c a l i b r a t d  
iron-conetanhn thermocouyloe l o c a t d  in  the pipe upstream of the 
mif ice. 



P r s c f e l ~ .  - 55e ~ e c f s i o n  d-th whlch all z5eaaur"be  were =de 
i e  eetimated t o  Be wiK- the fol lowbg IbLts: 

Taqerature, ?F . . . . . . . . . . . . . . . . . . . . . . .  kO.5 
Pressure , inches of nercury . . . . . . . . . . . . . . . .  4 3  -02 
Vclvtne fbw, percent . . . . . . . . . . . . . . . . . . . . .  +G. 5 
Dqel l e r  tFp aped, percent . . . . . . . . . . . . . . . . .  .&G.5 

" 
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3, A critical con5ftion oriota3 Fn the unit botmen a t i p  speed 
of 1550 and 3.644 fee t  per second. At a t i p  aped  of 1644 feet per 
oecand, tho  atz-flm raw0 m a  extremlz linited and a peak off ic iencs  
of 0.626 m e  obtaimd a t  a pressure  raklo of 3.32. M13. surgiw of 
the unit was oncauntered a t  a l l  preesuro r a t io8  abora 3.0 f a r  the 
oquivalclnt t i p  spood of 1740 fee% per secmcl; tke pa2 efficiency was 
0.580 and tho comoepardiing y x e s w u  rat20 m a  3 .X. 



0 mACA RM No. E7C05a 

4 .  T ~ G  sm58aneleee diffuser  appeared to be well matched with 
the mixed-flow ImpoUer . The peak yessure m t i o e  occurrsd at 
appximatoly equal valces of volume flow f o r  the eemivanoless- 
and tho vaneless-diffusor comb3mtion.a. At 3.k tip apceds, tho 
peak eff ic ienciee-for   both diffuser combinations occurmd at ap?rox- 
imatoly equal value0 of volume flow. At high t i p  oneede, thc volumo 
flowa a t  which peak efficiencias were oktained dlfferod f o r  the two 
di fhser  combinations but the  difference h t h e  valuee of poak 
eff icfsncies  m a  mall. 
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F i g u r e  1 .  - Mixed-flow impeller a n d  semivaneless d i f f u s e r  
w i t h  impeller a n d  d i f f u s e r  f r o n t  s h r o u d  r e m o v e d .  
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F i g u r e  3 .  - T e s t  s e t u p  f o r  a m b i e n t - a i r  t e s t s  
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F i g u r e  4 .  - Test s e t u p  f o r  r e f r i g e r a t e d - a  i f  t e s t s .  
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Figure 5. - Peak adiabatic  efffcienctes o f  semlvmeless- and vaneless-diffuser 
combinations. 
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Figure 7. - Performance characteristics o f  
semivaneless4iCfuser combination at  
equivalent  impel ler  t i p  speed o f  I740 feet 
pe r second . 
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Figure 8 .  - Comparative e f f i c i e n c y   c h a r a c t e r i s t i c s   o f  semivaneless- 
and vaneless-df f fuser -combinations for  t i p  speeds of  777, 1262, 
and 1548 f e e t  per second, 




